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electronically excited o-dibenzoyl benzene (4). In this case chemi luminescence
was detected by energy transfer from exci te~~ ,to sui table acceptors . The
second occurred when any one of seve ral easil$~ oxidi zed aromatic hydrocarbons
was included in the reaction sol ution. In this case light generation is
apparently the resul t of chemically initiated electron exchange luminescence.
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t~ tection arid Traorj inc of a Cherni luniinescent Ortho-Xv lv lene Peroxide .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Paths.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~ 
Thermolys is of pyranone endoperoxi de~~)(prepared by singlet

oxygenation of 1,4-diphenyl-2-benzopyran-3-.one) in benzene solution leads

to o-xylylene peroxide 2’~. Peroxide ’~~is trapped in a Diels-Al der

reacti on wi th maleic anhydride to yield adduct (6~.

6E~ 
:2 > 

~~~~~~~~h 

A

It was observed that the chemilumi nescence that resul ted from the thermal

reaction of peroxide~2 occurred by two distinct pa ths. The fi rs t occurred

in the absence of easily oxidized aromatic hydrocarbons and was the result

of the unimolecular rearrangement of(~)to electronically excited o-dibenzoylbenzene

(~). In this case chemiluminescence was detected by energy transfer from

excited~~ to suitabl e acceptors. The second occurred when any one of several

easily oxidized aromatic hydrocarbons was included in the reaction

soluti on. In this case light generation is apparently the result of

chemical ly initi ated electron exchange luminescence.

—1 -•
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Sir:

The therma l chemistry of organic molecules containing an oxygen—

oxygen bond is usually dominated by reactions involving homolytic or

heterolytic cleavage of the peroxide linkage. 1 In this report we would

like to describe our observati on of a nove l retro cycoaddition pathway

for thernulysis of pyranone endoperoxi de ~ to generate o-xylylene peroxide

This is the fi rst reported characterization of this interesting ring

system. We have also found that thermolysis of the o-xylylene peroxide

is chemi luminescent. There are two separate reaction pathways leading to

ligh t generation for this molecule. In the absence of an easily oxidized

substrate , o-xylylene peroxide ~ rearranges to generate electronically

excited o-dibenzoyl benzene (4). In this case chemi l uminescence is detected

following energy transfer to a sui table emitting energy acceptor, such as

biacetyl . The second chemi l uminescent path occurs in the presence of any

one of several easily oxidi zed aromatic hydrocarbons . In this case,

q—xylylene peroxide ~ undergoes a bimolecular reactior~ resulting in the

generation of the fl uorescent singlet sta te of the aromatic hydrocarbon .

The mechan i sm for light formation under these conditi ons is apparently

that which we have recently identi fied as chemically initiated electron

exchange l uminescence.2

2 

+ Co2 (I)
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Photooxidation of l,4-diphenyl-2-benzopyran-3-one 3 (3) in acetone

at 00 wi th methylene blue as sensitize r results in the isolati on of endoperoxi de

1 as a white crystalline solid (M.P. 105°) in 60% yield.4 This

compound is stable in crystalline form at room temperature. Peroxide ~~
,
, however ,

is completely decomposed when subjected to refluxing benzene for 6 h. The

products isolated from this reaction are o-diben zoylbenzene (4) and phenyl-

(o-benzoyl)-benzoate (,~
) in 85% and 5% yield respectively.5

Importantly , it is observed tha t when this reaction is carried out in

rigorously deoxygenated sol vent, a deep yellow color develops in the

solution as the reaction progresses. The yellow intermediate shows a

maximum in its absorption spectrum at 410 nm that tails out to 430 mu.

~~~~~~~Ph 

_ _ _ _ _ _  

0 0

_ _ _ _ _ _ _  

Phbenzene t IiI:1~ 1ZIJ~I~~OPh 
(2)Q -

~~~~~~~~~~~~ ~r I  
PhPh

o 0
1 4 5
Al so, this intermediate is rapidly decolori zed by the addition of

oxygen to the reaction solution. When the thermolysis of 1 is carried out

in the presence of excess maleic anhydride , the yellow intermediate is

not observed , the yield of o—dibenzoylbenzene is much reduced , and the yield

of ester is essentially unchanged .6 The major product of the reaction

under these condition s is identified as the Diels-Al der adduct (
~

) of maleic
anhydride and ester ~~~. Adduct (~) is isolated as a crystalline

solid in 70% yield .7 These observations are entirely consistent



-4-

~~~~Ph 

+ 
benzene 

E3~~ ° (3)

with the formation of o-xylylene peroxide 2 by retro-Diels-Alder loss

of CO2 as the major reaction path for 1. Compounds containing the o-xy lylene

moiety have recently been characteri zed in the absence of oxygen under

relati vely mild conditions. 8 The absorption spectra of these related

compounds and the observed chemi stry are similar to that which we have

found for the intermediate in the therma l reaction of 1.

Apart from the exci ting chemistry invol ved in the formation , reactions ,

and properties of 2, this o-xylylerie peroxide represents an example of a

potential ly important new class of chemi l umi nescent reagents . Thermolysis

of i in a photon counting apparatus at 92° does not produce a detectable

luminescence . This result was not unexpected since only inefficient emission

is expected from the excited states of o-di benzoylbenzene under these

condi tions. However, addition of biacety l to the reaction soluti on resulted

in easily detected phosphorescence from triplet excited biacetyl .9 Moreove r,

it is also observed that add i tion of rubrene , perylene or any one of

several eas i ly oxidized aromatic hydrocarbons results in readily detected

luminescence . The luminescence in this case corresponds to fluorescence

from the added aromatic hydrocarbon singlet excited state . The intensity

of the chemi l uminescence is directly proportional to the concentra tion of

endoperoxide 1 and d~~~~y ;  tofl owi nq •i firs t order kin ot u law. 
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1
Our observation of the chemiluminescence from ~ implicates the

o-xylyl ene peroxide ~ as the chemi l uminescent precursor.1° In particular ,

addition of male ic anhydride to a chemiluminescin q solution of and peryl ene

quenches the chemiluminescence without affecting the rate of consumption
11of endoperox ide ~~~. The energy stored in o-xylylene peroxide ,~ must

ultimately appear as the energy of electronic excitation on the added emitter

We have found that there are two kinetically and spectroscopically distiguishable

mechan i sms operating to transform the potential energy of o-xylylene

peroxi de ~ to an excited state of the emi tter. In the first , exaruplifi ed for

biacetyl , endoperoxide 3, loses CO2 to form ~~, which in a subsequent surprisingly

slow unimolecular rearrangement forms electronically excited o-dibenzoylbenzene

(
~). Energy transfer from excited ketone to biacety l results in the formation

of the observed emitting triplet state of biacetyl . It should be noted

that the concerted rearrangement of peroxide ~, to ketone is a formally

forbidden process which would result in generation of a high energy

doubl y excited state. Consistent with this mechanistic interpretation

we observe classica l consecutive reaction kinetics , shown in figure 1 ,

for the build-up and decay of chemiluminescence emission intensity under

these conditions. This mechanism for light generation is shown as path

A in Scheme 1.

The second route leading to ligh t emission occurs in the presence

of any one of several easily oxidized aromatic hydrocarbons (ArH) and is

an example of the general excitation mechanism we have recently identified

as chemi cally initiated electron exchange l uminescence . The initial

interaction between o-xylylene peroxi de ~ and A ril in this case is an electron

transfer from ArH to the peroxi de. Subsequent ring opening of the reduced

peroxide followed by annihilation of the resulting rioi ca l ions generates

the observed products , o-dibenzolybenzene and electronically excited aromatic
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hydrocarbon as is shown in path B of Scheme 1. Evidence that this path

is operating comes from the observation that the singlet excited state of

ArH is efficiently fo rmed under condi tions where energy transfer from

singlet 4 is highly improbable. Also , the efficiency of light production 
4

is proportional to the one electron oxi dation potential of An-I

indicating an electron transfe r as a key s tep in the excitation sequence .

Finally, the kineti c behavior of the light intensity in the presence of ArH ,

shown in fi gure 1, indicates that the rate of reaction of the intermediate

o-xylylene peroxide has been increased by the addition of ArH so that

the formation of from endoperoxide ~ is now rate determining.

Scheme 1

Path ~ o
Ph / 0*

_ _ _ _ _  
Ph 

_ _ _  

0 Chemiluminescent
Ph Light Emission

,
0

Path B

Ph 0

+ ArH 
&ectron —

‘ Ph 
+ ArH~transfer Ph

Ph 0

0

÷ ArH U 
_ _ _ _ _  

ChemiIuminesce.~
~~~~ution 

~~~
_
~
..rPh Light Emission

0

_ _ __ _
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In summary, we have observed a novel therma l reaction of pyranone

endoperoxide 1 to form the unique o-xylyl ene peroxide 2. This peroxi de

represents one of the few known or postul ated vinyl peroxides. In

addition , o-xylylene peroxide 2 reacts along two distinct paths to produce

chemi l uminescent emission . These observations may be extrapolated to the

much studied isoelectronic l uminol system in which intramolecular electron

exchange is possible. We are continuing to investigate the interesting and

novel chemical and chemi l uminescent reactions of endoperoxi de 1 and related

systems.

This work was supported in part by the Office of Naval

Research and in part by the donors of the Petroleum Research Fund , administered

-. . by the American Chemical Society. We also wish to thank Professor Michi

for helpfu l discussions . 
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Decay of Chemiluminescence from endoperoxide ~ in benzene solution at

920. The open circles are for solutions containing perylene , the stars

are for biacetyl containing solutions.
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